
R6IC AQOIISTS 



Sympathomimetics 




P. Symp. Nerve 






Ach 



Symp. Nerve 




<Ach|N\^(E&NE 



Adrenal 
medulla 



Somatic Motor Nerve 



Ach 

^?V) cAch ju| organ 



N 



Ach (ft Sw * al 
\^/ gland 




organ 




—CAch |N 
t 

Neuromuscular 
junction 



Skeletal 
muscle 



Adrenergic Transmission 



• Neurotransmitter: Two 

catecholamines Adrenaline and Nor 
adrenaline. 

• Sites of Release: 

- Post ganglionic sympathetic nerve ending 
(80% NA & 20% Ad). 

- Adrenal Medulla (80% Ad & 20% NA). 

- CNS. 
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Adrenergic Transmission 



Basic stages in synaptic transmission 

I 

1. Synthesis 

^ 7. Degradation 

[~l 2. Storage 




6. Reuptake , 



In activation 




Synthesis & Storage 

• Tyrosine is transported by Na + linked 
carrier into the axoplasm of adrenergic 
neuron & hydroxylated into 
dihydroxyphenylephrine (DOPA). 

• DOPA is decarboxylated to form 
dopamine 

• Dopamine is transported by specific 
carrier (amine transporter carrier) into 
synaptic vesicles that can be inhibited by 
Reserpine. 

• NE is stored at high concentration in 
synaptic vesicles (chromaffin granules) 
together with ATP, chromogranin & 
dopamine [^-hydroxylase. 

• In adrenal medulla, NE is methylated to 
yield Ad, both stored in chromaffin cells. 
On stimulation it release 80% Ep A 20% 
NE 
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Metabolism 



Monoamine Oxidase 
MAO 



Catechol-O-methyl transferase 

COMT 



-Adrenergic nerve terminal 

(intraneuronal) 
Liver & Intestinal epithelium 



- Postsynaptic 
- Widespread (e.g. gut wall) 



Convert catecholamines 
to corresponding aldehyde 



Methylation of one 
of catechol OH groups 




Normetanephrin 

3,4 dihydroxymandalic acid (DOMA) 

Vanillylmandelic acid (VMA) 
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Presynaptic adrenergic 

nerve terminal 

-CNS 

-f> cells of pancreas 
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f>l (heart, kidney) 

f>2 (smooth muscles) 

P>3 (lipocytes) 



Adrenergic receptors 
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ADRENOCEPTORS 
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Vasoconstriction 

Increased peripheral 
resistance 

Increased blood pressure 

Mydriasis 

Increased closure of 
internal sphincter of 
the bladder 
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Inhibition of 
norepinephrine 

release 

Inhibition of acetylcholine 

release 

Inhibition of 
insulin release 
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— Tachycardia 

Increased I i polys is 

Increased myocardial 
contractility 

Increased release 
of renin 
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Vasodilation 

Decreased peripheral 
resistance 

Bronchodilation 

Increased muscle 

and liver glycogenosis 

Increased release 
of glucagon 

Relaxed uterine 
smooth muscle 



•Distribution of receptors: tissues have a predominance of one type of receptor 



Characteristics of Adrenergic Agonists 



Most adrenergic agonists are |}- 
phenylethylamine derivatives which can be 
divided into: 

1. Catecholamines 

2. non-catecholamines 



Mechanism of action of the adrenergic 

agonists 



Direct-acting agonists: 

- Ep, NE, Isoproterenol, Dopamine, 
Dobutamine & Phenylephrine 

Indirect-acting agonists: 

- Amphetamine & Tyramine 

Mixed -action agonists : 

- Ephedrine & Metaraminol 



INOIRECT ACTION 

Drug enhances release 
of norepinephrine from 
vesicles. 
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MIXED 

ACTION 

Drug acts both 
directly and 
indirectly. 
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Inhibits digestive activity 

Stimulates glucose 

release by liver 



Secretion of epinephrine and 
norepinephrine From kidney 



Relaxes bladder 
Contracts rectum 
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d- Urinary Bladder 
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Sweat Glands: 
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Metabolic Functions: 
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Epinephrine 
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Synthesized \r\ adrenal medulla & released along with small quantities 
of norepinephrine. It interacts with both a & f> receptors: 

- At low dose —> f) effect predominates (VD) 

- At large dose — ► a effect predominates (VC). 



Pharmacological effects of Epinephrine 
• CVS: 

- Heart: +Ve chronotropic & inotropic effect — ► CO & 2 consumption. 

- BV: VC of skin and visceral BV & VD of skeletal muscles BV. 

- BP: t Systolic BP and slight ^ \r\ diastolic BP. 

Smooth muscles: 

- Bronchial smooth muscles: Bronchodilation. 

- In anaphylactic shock: relieves dyspnea and increase tidal volume. 

* Metabolism 

- Hyperglycemia: 

• Increase liver glycogenosis (f> 2 ) 

• Increase glucagon release (E> 2 ) 

• Decrease insulin release (a 2 ) 

- Lipolysis: 

• Increase hydrolysis of TG into free fatty acids & glycerol (f> 3 ) 
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Therapeutic Uses of Epinephrine 



•Bronchodilator: 

- Bronchial asthma & anaphylactic shock 

- f>2 selective (e.g. albuterol) Is more preferred \r\ chronic asthma 

• Glaucoma: 

- Decrease IOP \r\ open angel glaucoma 

- Decrease aqueous humor production by \IC of ciliary body BV 

•With anesthetics 

- Local \IC of BV will decrease the absorption of local anesthetics 
and increase the duration of action. 

•Anaphylactic shock: 

- The drug of choice for type I hypersensitivity reactions. 

•Cardiac arrest: 



Adverse Effects of Epinephrine 



CNS disturbance: 

- Anxiety, fear, headache & tremor 

Hemorrhage : 

- Increase \r\ BP — ► cerebral hemorrhage 

Cardiac arrhythmias: 

- Particularly \r\ patient receiving digitalis 



Pulmonary edema: 



Norepinephrine a >» p> 




Pharmacological effects of NE 
• CVS effect 

- Heart: +Ve Chronotropic & +Ve Inotropic effects 

- BV -> VC leading to 1 s peripheral resistance 

- BP: tsystolic ex 1 s diastolic BP. 

- Baroreceptor reflex: Reflex bradycardia (blocked by atropine) 
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Mild ^BP & Tachycardia 
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Norepinephrine -^>al (Potent) -> VC — > ^BP — > Strong & Reflex Bradycardia 
(a>»p) 



Q: What do you expect for the HR if atropine Is used before NE? 

A: Atropine will block the vagal stimulation so no reflex bradycardia and the net 
result \s ar\ f HR. 



Therapeutic Uses of NE 

• Treatment of shock: 

Levarterenol -> f* Vascular resistance -^BP 

• Not used for Asthma (Why?) or with Local Anesthetics -> Potent VC 

causes extravasation (discharge of blood from vessel into tissues). 
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Pharmacological effects: 

• CVS effect 

- Heart: +Ve chronotropic & +Ve inotropic effects (used in heart arrest) 

- BV: VD of skeletal muscles BV 

- BP: t systolic A 4, diastolic BP 

• Smooth muscles: 

- Bronchi: Bronchodilation (used for asthma) 

• Metabolism: 

- Increased blood sugar and lipolysis (clinically insignificant) 

Uses : In heart arrest and rarely \r\ asthma. 



Dopamine 



OH 



\X^s, Dopamine 






P lt a lt b lt D 2 



• Occurs in*. CNS (act as neurotransmitter), adrenergic nerve ending 
ex adrenal medulla 

• Activates: 

- f> 1 (at small doses) 

- a 2 (at high doses) 

- Dj (Mesenteric and renal vascular bed) 

- D 2 (Presynaptic adrenergic neurons, when activated, nUME release) 
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Pharmacological Effects: 

• CVS 

- Heart: +Ve chronotropic & +Ve inotropic effects. 

- BV: at high doses VC of BV. 

• Renal & Visceral 

- VD of renal and splanchnic (visceral) arterioles. 

Uses'. 

- The drug of choice for treatment of shock taken by IV infusion 
specially when a- or f>- agonists can not be used like In renal disorders 
as it 1 s kidney perfusion (Dl). 

- Treatment of hypotension and severe congestive heart failure In 
patients with renal problems. 

• Dopamine Is rapidly metabolized to homovanillic acid by MAO or COAAT. 

Side effects: 

- Nausea, hypertension, arrhythmias. 
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Synthetic direct acting catecholamine. 

It acts on P t receptors (+Ve inotropic effects). 

Used to increase CO in congestive heart failure. 

Adverse effects 

- Arrhythmias (used with caution in atrial fibrillation) 

- Tolerance may developed on prolonged use 
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Oxymetazoline 



di & a 2 



Stimulates both a r and a 2 -adrenergic receptors. 

It stimulates g_receptors on blood vessels supplying the nasal 
mucosa and the conjunctiva ->Nl/blood flow and decrease 
congestion. 

Adverse effects 

- Nervousness, headaches, and trouble sleeping. 

- When administered \r\ the nose, burning of the nasal mucosa 
and sneezing may occur. 

- Rebound congestion and dependence are observed with long- 
term use. 



Clonidine 



a 



• Selective a 2 - agonist acts centrally to treat hypertension by 
decreasing sympathetic outflow. 

• Minimize the withdrawal symptoms from opiates, tobacco 
smoking. 

• Adverse effects 

- Lethargy, sedation, constipation, and xerostomia. 

- Abrupt discontinuance must be avoided to prevent rebound 
hypertension. 
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Phenylephrine 


<3l 


• Selective a r agonist -^VC -» ^systolic & ^diastolic BP. 

• Non catechol amine (not metabolized by COAAT) 

• Causes reflex bradycardia when qiven parenterally. 

• Used as a nasal decongestant and \r\ ophthalmic solutions for 
mydriasis. 

• Adverse effects 

- Hypertensive headache and cardiac irregularities. 



Selective f> 2 -agonists p> 



Albuterol <& Terbutaline 






Salmeterol and Formoterol 



• Used as bronchodilator inhalers. 

• Terbutaline \s used as a uterine relaxant to suppress premature 
labor. 

• Adverse effects 

- Tremors and anxiety. 

- Tachycardia or arrhythmia (Jb r action) specially \r\ patients 
using monoamine oxidase inhibitors (MAOIs). 
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Indirect-acting Adrenergic Agonists 



a) Amphetamine 



CNS Stimulant and it also releases NE from the nerve ending 
stores and blocks NE uptake. 

f BP by a r and (b-agonist action. 

Used for treatment of hyperactive children , narcolepsy , and 
appetite control . 

Many derivatives are available: Dextroamphetamine, 
Methamphetamine, methylphenidate and dexmethylphenidate. 



b) Tvramine 



Found \r\ fermented foods, such as aged cheese as a byproduct of 
tyrosine metabolism. 

It releases stored NE. 

Normally, metabolized by MAO \r\ the (SIT, but, if the patient \s 
taking MAOIs -> Severe hypertension. 



c) Cocaine 



Local anesthetics that block the Na + /K + -activated ATPase, thus 
blocks NE uptake -» 1^NE synapse - ^BP (al and ^-actions). 

1 s the actions and duration of Ep and NE. 
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Mixed-action Adrenergic Agonists 
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• Plant alkaloids, and now they are synthetic. 

» Releases stored NE and directly stimulate a and f> receptors. 

• Poor substrates for COAAT and MAO (Not catechols). 
» pseudoephedrine has fewer CNS eff ects. 

Pharmacological effects of NE 

- t Systolic <& t Diastolic BP 

- Bronchodilation (slowly and weaker than EP & isoproterenol), so used 
as prophylactic \r\ chronic asthma (not acute) 

- Mild CNS stimulation (1 s alertness, 4, fatigue & prevent sleep) 

- Improve athletic performance. 

- Nasal decongestant. 

- Pseudoephedrine has been illegally converted to methamphetamine. 



Study Questions 



A 68-year-old man presents to the emergency department with acute 
heart failure. The patient requires immediate drug therapy to improve his 
cardiac function. Which one of the following drugs would be most 
beneficial? 

A. Albuterol. 

B. Dobutamine. 

C. Epinephrine. 

D. Norepinephrine. 

E. Phenylephrine. 

Remedies for nasal stuffiness often contain which one of the following 
drugs? 

A. Albuterol. 

B. Atropine. 

C. Epinephrine. 

b. Norepinephrine. 
E. Phenylephrine. 
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Study Questions 



A 68-year-old man presents to the emergency department with acute 
heart failure. The patient requires immediate drug therapy to improve his 
cardiac function. Which one of the following drugs would be most 
beneficial? 

A. Albuterol. 

B. Dobutamine. 

C. Epinephrine. 

D. Norepinephrine. 

E. Phenylephrine. 

Remedies for nasal stuffiness often contain which one of the following 
drugs? 

A. Albuterol. 

B. Atropine. 

C. Epinephrine. 

D. Norepinephrine. 

E. Phenylephrine. 



Which one of the following drugs, when administered intravenously, can 
decrease blood flow to the skin, increase blood flow to skeletal muscle, and 
increase the force and rate of cardiac contraction? 

A. Epinephrine. 

B. Isoproterenol. 

C. Norepinephrine. 

D. Phenylephrine. 

E. Terbutaline. 

The following circles represent pupillary diameter in one eye prior to and 
following the topical application of Drug X: 



o 



o 



Control 



DrugX 



Which of the following is most likely to be Drug X? 

A. Physostigmine. 

B. Acetylcholine. 

C. Terbutaline. 

D. Phenylephrine. 

E. Isoproterenol. 
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